Background and aims: Fluvoxamine can markedly increase the serum melatonin level, which regulates human circadian rhythm. However, only limited research has evaluated the effects of fluvoxamine on sleep architecture. Thus, the current study aims to investigate the effect of fluvoxamine on PSG characteristics and the impact of persistent insomnia on the prognosis of depression in the depressed individual with insomnia over the course of 8 weeks.
Background Introduction
For decades, depression has been a major public health issue due to its high prevalence and consequences in the form of disability, morbidity, mortality and socioeconomic burden. The World Health Organization (WHO) predicts that by the year 2020, depression is going to become the second most important cause of disability globally, after cardiovascular disease. 1 It is noted that 90% of depressed patients complain about insomnia problems. 2, 3 Furthermore, insomnia adds risks for the new onset of depression and is related to a poor reaction to treatment. 4, 5 Even after effective treatment, the persistence of residual sleep disturbance increases the risk of depression recurrence and suicide. 4 In addition, the relationship between insomnia and psychiatric conditions is complex with nature of bidirectional causation. 6, 7 According to polysomnography (PSG), which is established as the gold standard for sleep assessment, depression has been associated with several sleep abnormalities: (1) impaired sleep continuity (e.g., prolonged sleep latency (SL), reduced sleep efficiency (SE), and increased awakenings); (2) impaired sleep depth (e.g., decreased stage 3 and increased stage 1); and (3) enhanced rapid eye movement (REM) sleep (e.g., reduced REM latency, increased REM density, and an increased REM sleep during the early half of the night). 8, 9 The first two abnormalities are commonly seen in various psychiatric disorders, while the REM-related abnormalities are characteristic of depression. 8 These REM-related characteristics might suggest circadian rhythm abnormalities in depression and reinforce the generally accepted phase-advance theory about depression, 10 which is supported to some extent by the unique insomnia syndrome (early morning waking) in depressive patients. 11 Thus, it is hypothesized that antidepressants with inherent chronobiotic properties offer a novel way for the treatment of depression. 12 It is well known that most antidepressants treat depression through 5-hydroxytryptamine (5-HT) neurons, which take an important part in the core behaviours of mood disorders (e.g., mood, appetite, sleep, sexual activity, neuroendocrine functions, motor activity, body temperature, and cognitive function). 13 5-HT also affects the sleep-wake cycle regulation, the initiation as well as the maintenance of sleep, and the characteristics of sleep architecture. 13 Many all-night PSG studies report that tricyclic antidepressants (TCAs) can ameliorate sleep architecture abnormalities in depression by producing rapid suppression of REM sleep, as evidenced by prolongation of REM latency, reduction of REM density, and a decrease in the proportion of REM sleep. 14 Although TCAs are effective antidepressants, their effects on receptor systems like histaminic, cholinergic, and adrenergic systems, might cause some intolerable adverse effects which limit their clinical usage. 15 More recently, as a safer treatment alternative, selective serotonin reuptake inhibitors (SSRIs) have been used as first-line drugs for treating the depressive disorder. Compared with TCAs, SSRIs can also suppress REM sleep, and they produce fewer side effects because of their high selectivity for serotonin receptors. 16 Many short-term (≤ 4 weeks) clinical trials suggest that SSRIs often disrupt sleep continuity, while some sub-chronic (≥ 8 weeks) clinical trials reported that sleep disturbance diminishes over time. 14, 17, 18 This discrepancy might be explained by the accommodative effect, which hypothesizes that homeostatic sleep pressure is enhanced by increasing serotonin release during waking after several weeks of serotoninergic treatment. 19 Except for the common mechanism of increasing the extracellular serotonin level, each SSRI has unique pharmacological characteristics. For example, accumulating research reports that the melatonin level in serum markedly increased after ingestion of fluvoxamine. 20 The exact mechanism of increased in melatonin is still unclear, but one probability is that the increase in synthesis of melatonin brought by effects on serotonin, which is a melatonin antecedent. 21 Another probability is decreased metabolism of melatonin in the liver caused by fluvoxamine. 22 To date, only three clinical trials have investigated the effects of fluvoxamine on sleep architecture, and their results were contradictory. [23] [24] [25] This discrepancy is possibly due to their different study designs, for example different treatment duration: one was conducted for 12 weeks, 23 and two were short-term clinical trials (≤ 4 weeks). 24, 25 In the current study, the effect of fluvoxamine on sleep architecture at different point in time could be elucidated by a series of PSG assessments during the 8-week trial.
Objectives
The current study aims to investigate the effect of fluvoxamine on PSG characteristics and the impact of persistent insomnia on the prognosis of depression in the depressed individual with insomnia over the course of 8 weeks.
Methods

Patients And Study Design
All patients were recruited from three hospitals (Guangdong Provincial Mental Health Centre, Zhongshan The Third People's Hospital, and Ganzhou The Third People's Hospital). The study protocol was examined and approved by the Independent Ethics Committees (IEC) from these individual hospitals. Informed consent was taken from the participants in writing. This study was conducted in accordance with the Declaration of Helsinki. Patients were diagnosed with Major depressive disorder (MDD) by psychiatrists using the second version of the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-II). 26 The inclusion criteria were: 
Polysomnographic Study
At baseline, all participants were assessed by two consecutive nocturnal PSGs. The first-night was considered as an adaptation night, and the PSG variables on the consequent second night were defined as the baseline. Following every 3 visits during the course of the 8-week study, patients were assessed each time by one nocturnal PSG. According to the night-time PSG, the basic recordings comprised a standard EEG (C4-A1, F4-A1, O2-A1, C3-A2), a submental electromyography (EMG), an electrooculography (EOG: LE-A2, RE-A1), an ECG, a bilateral leg EMG, oxyhaemoglobin saturation, nasal airflow pressure, breathing sounds, thoracic and abdominal respiratory efforts, and body position. All sleep variables were categorized into two different groups either sleep continuity indices or sleep architecture indices which were derived using standard criteria from the visual scoring of recordings. Sleep continuity parameters recorded were the total recording time (TRT), total sleep time (TST), SE, SL, REM latency, wake after sleep onset (WASO) and arousal index (AI). Sleep architecture parameters included the percentages of each sleep stage that is REM sleep, stage 1 sleep (S1), stage 2 sleep (S2) and stage 3 sleep (S3) which are proportional part of TST. 31 The data were edited by technologist specialized in PSG who was blinded to the research study. Sleep stages, periodic limb movements and respiratory events were scored according to AASM criteria at 30-second intervals. 31 Participants who reported significant PLMS and OSA i.e. periodic limb movement index (PLMI)≥15 and apnoea hypopnea (AHI)≥15 respectively during the first-night PSG assessment were then removed from the study.
Sample Size
The estimated sample size for the study was calculated by Statistical & Power Analysis Software (PASS) using the following solution. In this solution, α=0.05, β=0.1, the difference of mean value =2.0, and the difference of standard deviation=3.0. Although the difference of standard deviation in the previously published literature on SSRI was in the range of 1-2, [23] [24] [25] 32 it might be unstable in this study throughout all points (baseline, Day 14, Day 28, and Day 56). So 3.0 should be more reliable. Finally, the number of sample size should be more than 24 patients. We assumed the dropout rate to be 20%, so 30 patients would be enough for this study.
Recruitment Process
Sixty-five patients with MDD were initially recruited in this study. Twenty-five patients were further excluded: 17 patients with other DSM-IV comorbid Axis I mental disorders, and 8 patients without insomnia (sleep disturbance score in HRSD-17 < 4). During the first nocturnal PSG assessment, we excluded 9 patients out of which 4 patients had significant OSA and 5 patients had significant PLMS. Thus, a total of 31 participants with comorbid depression and insomnia entered this study.
During the 8-week study period, 8 patients discontinued the treatment. 5 patients discontinued before Day 14 (2 patients due to deterioration of symptoms and combination with other drugs; 2 patients due to the refusal of further sleep tests; and 1 patient due to the emergence of psychotic symptoms that required the addition of antipsychotic drugs). One patient discontinued during Days 14-28 because of refusal to take part in further tests. Two patients discontinued during the Days 28-56 (1 patient due to the emergence of psychotic symptoms that required the addition of antipsychotic drugs and 1 patient refusing to participate in further sleep tests). Ultimately, 23 patients completed this study. The recruitment process is shown in Figure 1 .
Data Analysis
The data were presented as the mean ± standard deviation for continuous variables and as numbers or percentages for categorical variables. Parametric and non-parametric data were compared using two-sample t-tests and Mann-Whitney U-tests, respectively (2 groups). A one-way analysis of variance (ANOVA) and Kruskal-Wallis test were performed for comparing parametric and non-parametric data (≥ 3 groups), respectively. Significant effects in ANOVA were further examined with post hoc tests using the least significant difference method with a Bonferroni correction for multiple comparisons. Mann-Whitney U-tests along with adjusted P values (significant at P=0.005) were used for multiple pairwise comparisons. A chi-square test was conducted to test the differences in categorical variables, and multiple chi-squared tests with adjusted P values (significant at P=0.005) were used for multiple pairwise comparisons. A two-sided 5% level of significance was considered statistically significant. All statistical procedures were conducted using the Statistical Package for the Social Sciences 17.0 for Windows (SPSS, Inc., Chicago, IL).
Results
Demographic And Clinical Characteristics
All recruited depressed patients were Chinese with Han ethnicity. The participants were predominantly middleaged (mean: 34.1±8.9 years) and female (58.1%). The demographic and clinical characteristics of this study sample are presented in Table 1 .
Clinical Assessment And Polysomnographic Assessment
The mean daily doses for fluvoxamine were 133.7±38.9 (100-200) mg on Day 14, 144.3±61.4 (100-300) mg on Day 28, and 157.0±63.1 (100-250) mg on Day 56. In addition, there were only limited side effects (TESS) during the 8-week study. The HRSD-17 score showed improvement on Day 14, and the sleep disturbance factor score in HRSD-17 significantly decreased compared to the score at baseline after Day 28. Over the course of the 8week study, the proportion of remitted participants, as well as participants without insomnia, steadily increased. At the endpoint, 47.8% (11/23) of the patients were in remission, and 60.9% (14/23) of the participants did not report insomnia.
Selected polysomnographic parameters are presented in Table 2 . There were no significant differences in the TRT during this study. After fluvoxamine treatment, TST and SE became longer and increased in value, respectively, whereas SL and WASO significantly decreased, and REM latency was significantly prolonged. The AI was significantly lower than baseline after Day 28. Moreover, all of the above PSG parameters of sleep continuity shown no significant difference during fluvoxamine treatment. The proportion of S1 decreased during the study and was significantly lower than baseline at Days 28 and 56. The percentage of S2 remained stable during the study. However, the proportion of S3 significantly and gradually increased and was more than 10% at all 3 visits during fluvoxamine treatment vs. baseline. Compared with baseline, the length of REM sleep shown to decrease during the study, and the difference between baseline and Day 14 was significant.
The Association Between Clinical Performance And The Improvement Of Insomnia
During ). In addition, both groups shared similar and limited side effects. According to the PSG parameters for sleep continuity, both groups shared similar TRT, TST, SE, and REM sleep latency, while the non-insomnia group showed shorter SL and smaller WASO and AI values. According to the PSG parameters for sleep architecture, both groups had a similar percentage of S1 and REM sleep, while the non-insomnia group had a larger percentage of S3 and a smaller percentage of S1 According to self-reports from the two groups, the insomnia group had poor sleep quality (higher PSQI scores); however, both groups showed no similarity in daytime sleepiness (ESS) ( 
Discussion
In the present study, it was shown that fluvoxamine was associated with an improvement of depressive symptoms and sleep status (objective PSG parameters and self-report questionnaires) during this 8-week study. Moreover, depressed individuals who reported persistent insomnia were at higher risk of remaining depressed or had failed to achieve a clinically meaningful improvement compared with subjects with non-insomnia.
During the 8 weeks of fluvoxamine treatment, REM latency was significantly prolonged during all visits, and the proportion of REM sleep only significantly decreased on Day 14. Since 1990, a number of researchers have hypothesized that REM suppression was the key therapeutic mechanism of antidepressants. 19 However, this view was not confirmed because of some inconsistent phenomena. First, Gillin et al administered scopolamine to healthy individuals for 3 days, and these volunteers developed sleep disturbances characteristic of depression, including a shortened REM latency, but they did not develop symptoms of Length of current illness (in weeks) 5.9±4.7 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) depression. 33 Second, some antidepressants, such as trimipramine, bupropion, and nefazodone, were found to not suppress REM sleep despite being effective antidepressants. 14, 17 Third, the REM suppression effects gradually diminish during chronic treatment; specifically, the proportion of REM sleep is markedly reduced during early stages in therapy and gradually returns towards the baseline. 19 The third phenomenon was consistent with the present study, in which no significant decrease in REM amount was shown after 2 weeks. This might suggest an accommodative effect of pharmacotherapy on sleep architecture, but it does not attenuate the anti-depressive effect. REM suppression was thought to be mediated most likely through the 5-HT1A receptor. A preclinical study showed that the REM-suppressing effect of citalopram was absent in 5-HT1A-knockout mice. 34 In humans, drugs that are selective 5-HT1A agonists strongly suppress REM. Additionally, temporary reduction of the availability of 5-HT by means of rapid tryptophan depletion in participants treated with SSRIs reversed the REM suppression induced by the antidepressants. 35 Taken together, the above evidence strongly suggests that 5-HT is crucial in REM regulation, but the association between REM suppression and the antidepressive treatment response remains elusive.
As mentioned before, the alerting effect appears to be a classical phenomenon of SSRIs due to their pharmacological mechanism, 13 which makes sleep initiation more difficult and disrupts sleep continuity. However, these alerting effects were not shown during all clinical visits (Days 14, 28 and 56). One possible reason is the accommodative effect since it is reported that the alerting effect usually diminishes over time. 16 Moreover, it was noted that the amount of S3 increased steadily and reached 17.6% at the endpoint of the study, which is in the normal range of a healthy middle-aged person. 36 Currently, only a few studies have reported changes in the overall amount of S3 during SSRI therapy. One of our previous studies reported that the percentage of S3 increased in sertraline treatment. 18 Two other studies, one with clomipramine and another with sertraline, reported slow EEG activity (a characteristic wave in S3) to be increased after antidepressant treatment. 32, 37 In the current study, these improvements in sleep architecture were also supported by patients' subjective sleep experiences (PSQI, ESS, and sleep disturbance factor in HRSD-17). The evaluation of the subjective sleep effects of antidepressants is very important for clinicians, because there is often an inconsistency between objective and subjective measurements with anti-depressive therapy. 37 For example, while the PSG parameters show that the SSRIs affect sleep negatively, at least in early treatment, the subjective questionnaires show improvement. This might be the halo effect of anti-depression. Thus, the ability of patients to perceive their objective sleep accurately is less important clinically than their subjective feelings. 38 In this study, fluvoxamine could improve subjective sleep experience and objective PSG parameters simultaneously, especially during the early treatment period. Except for the accommodative effect, another reason is one of the fluvoxamine's specific properties of raising serum melatonin levels by inhibiting melatonin metabolism, which may benefit abnormal circadian rhythm and sleep disturbances, even depression itself. 39 For clinicians, the crucial question is to decide whether sleep status can be linked with clinical repercussions. Our 8week trial study might contribute some knowledge about this issue for fluvoxamine. At the endpoint of this study, the participant who reported insomnia had worse PSG parameters (lower percentage of S3 and a higher percentage of S1) than non-insomnia participants. Thus, self-reported insomnia, which can be gathered easily in clinical practices, was related with sleep architecture to some extent. Moreover, these patients with insomnia at the endpoint consumed significantly higher daily doses for fluvoxamine and had a lower remission ratio than patients without insomnia. These findings suggest that persistent insomnia might act as a barrier to achieving remission during the depression episode. It was consistent with most of the previous studies that reported that anti-depressive treatment fails to provide a sufficient remedy for patients' coexisting persistent insomnia. 40 This was not unexpected, since a number of symptoms of insomnia and depression overlap, such as fatigue, irritability, inattention, and cognitive impairment. 41 Thus, clinicians should pay separate attention towards insomnia in depressive treatment.
To date, the treatment for insomnia in patients with psychiatric disorders could include both pharmacological and behavioural interventions. 42 This study found that around 50% of the depressed patients can be remitted by fluvoxamine monotherapy and that this could be forecasted by the insomnia on Day 14 during this study to some extent. In other words, on Day 14, patients with insomnia should be intervened with hypnotics or behavioural interventions. It might not only improve patients' insomnia but also increase the remission rate of depression. Some cautions should be exerted when interpreting the effects mentioned here. First, no placebo-control was involved in this research, so it cannot be concluded whether fluvoxamine is better than other antidepressants in depressive patients with insomnia. Second, a 1-night adaptive PSG assessment might not be sufficient to dismiss the first-night effect.
Conclusion
This current research indicates that fluvoxamine was associated with improvements in depressive symptoms and sleep status (PSG parameters and self-report questionnaires) during this 8-week study. It was shown that depressed individuals who reported persistent insomnia were not likely to achieve a clinically improvement at the end of the investigation. Moreover, it might be forecasted by the insomnia on Day 14. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
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